Abstract Although there are several accepted methods of surgical treatment for single-level cervical radiculopathy, the choice depend on the surgeon's preference. The techniques may vary in peri-operative morbidity, short-and long-term outcome, but no study so far has analyzed their cost-effectiveness. This study might give some insight in balancing cost and effectiveness and deciding the right technique. Sixty consecutive patients (15 each group), mean age 36 (range 24-76 years) with single-level cervical disc disease underwent surgical treatment with four different techniques in two centers over the period of 1999-2005. The four groups were-(1) plate and tricortical autograft, (2) plate, cage, and bone substitute, (3) cage only, and (4) disc arthroplasty. The data was collected prospectively according to our protocol and subsequently analyzed. The clinical outcome was assessed comparing visual analog scale (VAS) of neck pain and, short form 12 (SF12) questionnaire both pre-and postoperatively. The radiological assessment was done for fusion rate and postoperative related possible complications at 3 months, 6 months, 1 year, and final follow-up. The cost analysis was done calculating the operative time, hospital stay, implant cost together. The mean follow-up period was 31 months (range 28-43 months). The clinical outcome in terms of VAS of neck and arm pain and SF12 physical and mental score improvement (P = 0.001) were comparable with all four techniques. The radiological fusion rate was comparable to current available data. As the hospital stay was longer (average 5 days) with plate and autograft group, the total cost was maximum (average £2,920) with this group. There was satisfactory clinical and radiological outcome with all four techniques. Using the cage alone was the most cost-effective technique, but the disc arthroplasty was comparable to the use of cage and plate. Anterior cervical discectomy and fusion is an established surgical treatment for cervical radiculopathy. Single-level cervical radiculopathy was treated with four different techniques. The clinical outcome and cost-effectiveness were compared in this study.
Introduction
Anterior cervical discectomy and fusion (ACDF) is an established procedure for surgical treatment of cervical radiculopathy and myelopathy secondary to anterior compression due to osteophyte or soft disc prolapse [29] . Cervical disc arthroplasty is a promising nonfusion alternative for the treatment of degenerative disc disease for cases of predominantly anterior compression of the cervical spinal cord and/or nerve roots [30] .
A half-century has transpired since the initial descriptions of anterior cervical discectomy by Bailey and Badgley [4] . Cloward [7] modified the technique of Bailey and Badgley in 1953. Robinson and Smith [21] and Robinson et al. [22] described their experience with cervical disease in 1955. Although single-level ACDF has a high fusion rate by any technique, there is debate about the added advantage of plating for one-level treatment [1, 23] . On the other hand, recent papers have reported increased fusion rates with plating, even at one level, compared with autologous and allogeneic grafts without plating [15, 25] . Despite the differences in the reported fusion rates of these procedures, they seem to be similar in their effectiveness of symptomatic relief [15, 23] . Differences in their complication profile, fusion rate, and cost are the main distinguishing factors [31] . Cooper [9] and Sonntag [27] have advocated for cost-effectiveness analysis to help determine the appropriate procedure when a one-level ACDF is indicated. Based on the reported concerns of progressive adjacent segment degeneration and motion loss after ACDF, the option of disc arthroplasty is in practice with early promising results. Decision analysis and costeffectiveness analysis are useful techniques for formalizing the decision-making process and combining cost and outcome data into a single model. These techniques are particularly useful when there are real choices among which a clearly superior option does not exist.
Our study describes the clinical outcome and costeffectiveness of four techniques for single-level cervical radiculopathy-(1) plate and tricortical autograft, (2) cage, plate, and bone substitute, (3) cage only, and (4) disc arthroplasty.
Method and patients
Sixty consecutively treated patients (15 in each group) with cervical radiculopathy owing to single-level degenerative disease were recruited to the study over a 5-year period. They were identified as potential study candidates at the time of initial consultation with their surgeon and were considered eligible for the study if they (1) had symptomatic single-level cervical degenerative disc disease presenting with radiculopathy, (2) were at least 18 years old, and (3) after failure of an adequate trial of nonoperative treatment that consisted of rest, anti-inflammatory medication, traction, and physical therapy. All patients presented with preoperative plain anteroposterior and lateral X-rays, as well as magnetic resonance imaging to confirm their clinical diagnosis. Exclusion criteria consisted of: (1) symptomatic multi-level cervical degenerative disc disease, (2) extensive compressive pathology requiring substantial resection of adjacent vertebral bodies, thereby necessitating fusion with or without instrumentation, (3) primarily posterior degenerative changes and neural compromise, and (4) unrelated comorbidity requiring regular narcotic analgesic and/or nonsteroidal anti-inflammatory treatment.
They were operated in two centers and by two surgeons over the period [1999] [2000] [2001] [2002] [2003] [2004] [2005] . The data was collected prospectively. The patients were systemically allocated to one of the four techniques. Allocation was based on surgeon's preference. Although four groups were not randomized, there was no significant difference in age, sex (M:F) distribution and level of involvement between the groups (Table 1 ). There were 36 males and 24 females with mean age of 36 years (range 24-76 years). Standard right-sided anterior approach through a transverse incision was used for discectomy and fusion or disc arthroplasty in all the patients. We used Brantigan cage (DePuy) in the cage only group, standard AO plate, poly-ether-ether-ketone cage and fine particles allograft mixed with blood and marrow aspirated from the iliac crest in the cage and plate group and Bryan disc in the disc arthroplasty group. In Group 1 (plate and autograft) tricortical bone graft was harvested from the iliac crest of the same side of the operation in neck. The most common operated disc level was C5/6 (60%) and C6/7 (30%) of the enrolled patients with onelevel procedure. Postoperative follow-up visits were scheduled for 6 weeks, 3 months, 6 months, 1 year, and 2 years after the index procedure. Detailed motor and sensory examination was done by the operating surgeons both preand postoperatively in every follow-up visit. Patients underwent routine radiographic investigations of their cervical spine, including plain lateral, anteroposterior, and flexion/extension X-rays at months 3 and 6 and years 1 and 2 postoperatively to determine fusion status and alignment or other information related with the graft or implant. The clinical outcome was assessed using the short form 12 (SF12) and visual analog score of pain in neck and arm preand postoperatively. The average prospective follow-up period was 31 months (range 28-43 months). The cost analysis was based on operating time, hospital stay, and prosthesis cost. We used data published in the website of the Department of Health, UK, Cost Manual 2005. The costs include implant cost (cage, plate, bone substitute, artificial disc), theater time (£420 per hour; Cost Manual DoH 2005), hospital bed cost (£300 per day). The cost of the inpatient and out patient physiotherapy was excluded as all the patients received the similar treatment. As none of our patients needed reoperation during the follow-up period, any possible hardware complication was not assigned to the cost. As the patients were from different socioeconomic background, the accurate estimation of work loss related cost was not possible. Hence this was excluded from the cost analysis.
We compared the blood loss, complications (including donor site morbidity in Group 2), clinical and radiological outcome with all four techniques.
All data were analyzed using SPSS version 11.5 for Windows (SPSS, Inc, Chicago, IL, USA). Two-tailed testing was performed with statistical significance accepted at a P-value of \0.05.
Results
The average operative time for plating and tricortical autograft was 160 min (120-190 min), for plate, cage, and bone substitute was 100 min (range 90-110 min), for cage only was 90 min (range 75-110 min), and for disc arthroplasty 105 min (range 90-120 min). The operative time is calculated from the point of positioning of the patient to the final wound closure. There was minimum blood loss (\50 ml) in all the groups except plate and autograft group (mean blood loss 100 ml). The average length of stay in the hospital was 5 days (3-10 days) in Group 1, 2.7 days (2-4 days) in Group 2, 2.5 days (2-4 days) in Group 3, and 2 days (1.5-4 days) in Group 4.
All four surgical techniques resulted in reduction of overall neck as well as arm pain (Fig. 1a, b) . The level of reduction in pain intensity was comparable in all four groups and remained significant (P \ 0.04) even at the final follow-up.
Comparison of pre-and postoperative SF12 scores demonstrated a dramatic and comparable improvement in physical and mental subscores in all the groups. The results are summarized in the Table 2 .
In the fusion groups based on the plane X-ray including flexion and extension views there was no evidence of pseudoarthrosis or movement at the operated levels. At 6 months, the fusion rate demonstrated on X-ray was 80% in the plate and autograft group, 84% in plate and cage group, and 78% in cage only group. At 1 year, the fusion rate was 100% in all three fusion groups. None of them required any revision surgery. None had any neurological complication.
Complication
In plate and autograft group 3 out of 15 patients (20%) had donor site morbidity-one persistent pain, one developed numbness around the site, and one superficial infection which resulted their longer hospital stay (longest stay-22 days).
In cage only group, one patient (6.6%) had asymptomatic cage subsidence which was found on X-ray at 18 months, and it did not progress further at the final followup at 30 months.
In the disc arthroplasty group, two patients (13%) had Grade II heterotopic ossification (HO) according to the McAfee et al. [20] modification of HO grading. 
Cost analysis
In the plate and autograft group (Group 1) the average total cost incurred was £2,920 (theater-£1,120, hospital stay-£1,599, plate-£300).
In the plate, cage, and bone substitute group (Group 2) the average total cost incurred was £2,520 (theater-£700, hospital stay-£810, plate-£300, cage-£450, bone substitute-£210).
In the cage only group (Group 3) the average total cost was £1,930 (theater-£630, hospital stay-£750, cage-£550).
In the disc arthroplasty group (Group 4) the average total cost was £2,435 (theater-£735, hospital stay-£600, and disc-£1,100).
The cost of the implants and hardware was calculated as an average of three commonly used implants in the National Health Service in England. The cost of work loss was not included as patients were from different socioeconomic background which made it impossible to do accurate estimation (Table 3) .
Discussion
The ACDF is an effective procedure for treating cervical degenerative disease. There is no compelling evidence in the literature that one procedure is significantly superior to another in term of fusion rate or clinical outcome.
In most studies published in the literature the fusion rate with autograft (74-97%), allograft (54-90%), cage (93-100%), and plating (94-100%) is comparable [2, 5, 6, 10, 12, 14, 16, 19, 25] . Although the clinical results have been described as similar there are certain advantages and disadvantages of one procedure over another. The fusion time is significantly shorter in the autograft group [16] . The donor site morbidity (5.8-37%) including hematoma, infection, numbness, pain resulting in prolonged hospital stay could be a disadvantage for autograft [3, 11, 26] . Cho et al. [6] and Vavruch et al. [28] reported that cage could provide solid fusion, increased cervical lordosis, increased disc height with few complications. With plating the rate of solid fusion increases, graft complications such as collapse, subsidence, extrusion decreases, cervical spinal sagittal alignment is well maintained and also the need for external immobilization after the surgery is minimized [8, 13] . Cervical disc arthroplasty is emerging as a viable alternative to fusion in the treatment of cervical disc disease. Disc arthroplasty also restores/maintains segmental cervical motion and thus may decrease the incidence of adjacent segment degeneration that plagues spinal fusion surgery [22] . As reported in the literature [17] HO is one of the known complications of disc arthroplasty which affects the segmental motion of the operated level. Our rate of HO (13%) was comparable to the reported incidence (17.8%) in the literature [17] .
There is no large published study on comparing the clinical outcome and cost-effectiveness of these four techniques for single-level cervical radiculopathy. Our study showed comparable good radiological and clinical outcome in terms of improvement of neck and arm pain and physical and mental health score with SF12 questionnaire in all the groups. The complication rate was minimal and comparable with the published data.
Although previously published analysis of the costs and effectiveness of ACDF included lost wages in the costs of surgery, there is no common consensus among cost- effectiveness experts whether lost productivity should be included in formal cost analysis. The recommendation of the Panel on Cost-Effectiveness in Health and Medicine is not to include these costs in the numerator in the base case analysis [18] . Cost-effectiveness analysis is not a tool to determine the ''best'' treatment for any particular disease or pathologic entity. It is an analytical technique of combining many variables in a single model that allows systematic testing of the effect of each variable on outcome. In all four groups with single-level cervical radiculopathy, fusion factors, short-term risks, costs, graft and hardware complications, outcome, and long-term reoperation rates must be considered in trying to determine the relative costeffectiveness of the alternative procedures.
If we exclude the cost of implants and hardware the total cost in all the groups except plate and autograft group is comparable. Excluding implants, the average cost was £1,510 in plate and cage group, £1,380 in cage only, and £1,335 in disc arthroplasty group. On the other hand same cost was much higher (£2,620) in the plate and autograft group owing to the local donor site complications, more pain and longer inpatient hospital stay. The documented donor site complications like pain, infection, hematoma formation, and reoperation rate varies from 3 to 26% [24, 26] . Although clinical outcome with plating and tricortical iliac crest graft is good, donor site complications should be taken into consideration.
The cost analysis was based on data from two centers only and may therefore not be the representative of costs at other hospitals. Post-discharge costs, outpatient physiotherapy, and home health aides were not included in the total cost for any particular procedure. Even if the care was provided by the family member the resource utilization ideally should be estimated and included to the total cost of the procedure. If all these are taken into consideration the total cost of the procedures would be expected to increase. This study provides evidence on degree of clinical improvement and analysis of short-term costs only.
Conclusion
In this observational study we found that clinical outcome was satisfactory and comparable with all the techniques. Using cage alone for single-level ACDF was the cheapest and therefore most cost-effective. The cost of disc arthroplasty was comparable to cage and plate. The benefit with cage only group was largely driven by shorter operative time and shorter hospital stay whereas harvesting tricortical bone graft lengthened the operative time and the donor site morbidity resulted in longer hospital stay in plate and autograft group and hence the total cost incurred was higher.
The limitation of our study was lack of randomization and small number (n = 15) of patients in each group. Nevertheless this study will give some insight to the surgeons to help them choose the most appropriate technique for single-level ACDF. Further prospective randomized study involving a bigger number of patients with particular attention to the long-term outcome and cost, is needed to determine more accurately their relative cost-effectiveness.
